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Discussions of the source of the Stroop interference effect continue to pervade the
literature. Semantic competition posits that interference results from competing semantic
activation of word and color dimensions of the stimulus prior to response selection.
Response competition posits that interference results from competing responses for
articulating the word dimension vs. the color dimension at the time of response selection.
We embedded Stroop stimuli into a delayed match-to-sample (DMTS) task in an attempt to
test semantic and response competition accounts of the interference effect. Participants
viewed a sample color word in black or colored fonts that were congruent or incongruent
with respect to the color word itself. After a 5 s delay, participants were presented
with two targets (i.e., a match and a foil) and were instructed to select the correct
match. We probed each dimension independently during target presentations via color
targets (i.e., two colors) or word targets (i.e., two words) and manipulated whether the
semantic content of the foil was related to the semantic content of the irrelevant sample
dimension (e.g., word sample “red” in blue font with the word “red” as the match
and the word “blue” as the foil). We provide evidence for Stroop interference such that
response times (RTs) increased for incongruent trials even in the presence of a response
option with semantic content unrelated to the semantic content of the irrelevant sample
dimension. Accuracy also deteriorated during the related foil trials. A follow-up experiment
with a 10 s delay between sample and targets replicated the results. Results appear to
provide converging evidence for Stroop interference in a DMTS task in a manner that is
consistent with an explanation based upon semantic competition and inconsistent with an
explanation based upon response competition.
Keywords: stroop, interference, delayed match-to-sample, semantic competition, response competition
INTRODUCTION
Stroop interference is the well-known increased response time
(RT) for naming font colors of incongruent color words (e.g.,
“red” in blue font) compared to font colors of congruent color
words (i.e., “red” in red font; Stroop, 1935). The importance of
such interference effects cannot be overstated, as they have been
critical in the development of prominent theories of attention,
cognitive processing, and executive function (e.g., Cohen et al.,
1990; see also MacLeod, 1991, 1992) and considered diagnostic
in clinical applications (Dalgleish, 1990; Nigg et al., 2005; see also
Dimoska-Di Marco et al., 2011). Despite the widespread use of
Stroop tasks, much theoretical and empirical debate remains con-
cerning the source of interference (Luo, 1999; Stolz and Besner,
1999; Augustinova et al., 2010; see also, MacLeod, 1991, 1992).
Some suggest that an incongruent Stroop stimulus activates
semantic representations in both the word and the font color
dimensions, resulting in semantic competition between dimen-
sions prior to response selection (Luo, 1999; Catena et al., 2002).
Specifically, color words and colors both activate a semantic
representation, and competition between these representations
during incongruent trials requires active suppression of one rep-
resentation which slows responding. Such competition is absent
during congruent trials because the word and font color acti-
vate a representation from the same dimension. By contrast,
response competition suggests that Stroop interference results
from competing responses for articulating the word dimen-
sion vs. the color dimension at the time of response selec-
tion because both the color word and the font color acti-
vate a response (Besner et al., 1997; Stolz and Besner, 1999;
for a review, see MacLeod, 1991, 1992). Competition between
responses for each stimulus dimension during incongruent tri-
als requires active suppression of a response from one dimension,
which slows responding. Such response competition is absent
during congruent trials because the response is identical for both
dimensions.
Innovative tasks have separated font color and word dimen-
sions using stimulus onset asynchrony manipulations and have
utilized manual responses to eliminate articulation effects (Glaser
and Glaser, 1982; Luo, 1999; De Houwer, 2003; Schmidt and
Cheesman, 2005). Neural imagining techniques have also been
utilized to delineate associated brain regions (Pardo et al., 1990;
Taylor et al., 1997; Leung et al., 2000; for a review, see MacLeod
and MacDonald, 2000). Yet, despite these advances, theoretical
debate regarding the source of interference appears to remain
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a contested topic in contemporary literature (e.g., Luo, 1999;
Stolz and Besner, 1999; Augustinova et al., 2010; see also,
MacLeod, 1991, 1992). As a result, developing alternative tasks
to investigate semantic and response competition appear ideal
for providing converging evidence, clarifying existing theoretical
accounts, and illuminating the extent to which such interfer-
ence effects are observed in novel tasks incorporating Stroop
stimuli.
Historically, Stroop tasks have analyzed RT as the critical mea-
sure of performance (for a review, see MacLeod, 1991, 1992).
Accuracy measures, by contrast, have largely been neglected
in this line of research; however, if embedded within an
appropriately designed task, accuracy measures may corrobo-
rate RT measures regarding the cognitive processing involved
in Stroop interference and assist in dissociating semantic and
response competition. To that end, we embedded Stroop stim-
uli into a delayed match-to-sample (DMTS) task to investi-
gate potential interference effects on both RTs and accuracy.
In a DMTS task (see Wright, 2006), a trial begins with pre-
sentation of a sample stimulus for a predetermined duration,
after which it is removed. Following a predetermined reten-
tion interval, two target stimuli are presented. One target is
identical to the sample (i.e., a match) and the other is differ-
ent (i.e., a foil). A response to the match is rewarded. Each
trial contains a correct response, and accuracy provides crit-
ical information regarding the fidelity and duration of mem-
ory (Wright, 1992, 1997; Bodily et al., 2008; see also Wright,
2006).
Unlike a standard DMTS task, we presented Stroop word
samples that contained two dimensions; sample font color
reflected its color dimension and sample word reflected its
word dimension. We presented word samples in either black,
congruent (e.g., “red” in red), or incongruent (e.g., “red”
in blue) font colors. After a delay, we probed each dimen-
sion independently during target presentation via color tar-
gets (i.e., two colors) or word targets (i.e., two words; see
Figure 1, panels A,C and B,D, respectively). Participants were
instructed to select the correct match (i.e., select sample
color if color targets; select sample word if word targets; see
Figure 1 panels A,C and B,D, respectively). Thus, participants
needed to attend to and potentially recall both color and
word sample dimensions on every trial to respond accurately
because target dimension cued the relevant to-be-recalled sample
dimension.
We adopted the DMTS task for several reasons. First, this
framework provides an intriguing opportunity to manipulate the
congruency of the sample font color with respect to the sample
color word. To be specific, a sample word could be presented in
a neutral font color (e.g., black), a congruent font color (e.g.,
“red” in red), or an incongruent font color (e.g., “red” in blue).
Second, this framework also enables manipulation of the extent
to which the semantic content of the foil is related to the seman-
tic content of the irrelevant sample dimension. To be specific,
a foil could be presented that does not contain semantic con-
tent related to either the semantic content of the sample font
color or the semantic content of the sample word (i.e., unre-
lated foil). For example, if the sample font color were blue and
the sample word were “red,” two color targets could be presented
in which the color blue could be the correct match but the color
yellow could be the foil (or if two word targets were presented
the correct match could be the word “red” but the foil could
be the word “yellow”). Alternatively, a foil could be presented
that does contain semantic content related to the semantic con-
tent of the irrelevant sample dimension (i.e., related foil). For
example, if the sample font color were blue and the sample word
were “red,” two color targets could be presented in which the
color blue could be the correct match and the color red could
be the foil (or if two word targets were presented the correct
match could be the word “red” but the foil could be the word
“blue”). As a result, this combination of manipulations in the
DMTS task provides an opportunity to investigate the influence
of congruency of the sample font color with respect to the sam-
ple color word (i.e., congruent vs. incongruent sample) as well
as the extent to which the semantic content of the foil is related
to the semantic content of the irrelevant sample dimension (i.e.,
unrelated vs. related foil). Third, as noted above, the DMTS task
provides an opportunity to examine both accuracy and RT aspects
of performance to assist in dissociating semantic and response
competition.
The adopted DMTS task is ideal for testing semantic and
response competition because manipulation of the congruency
of the sample provides an opportunity to investigate semantic
competition whereas the manipulation of the semantic related-
ness of the foil provides an opportunity to investigate response
competition. As a result, the DMTS allows an investigation of
whether semantic competition only, response competition only,
or both semantic and response competition influence perfor-
mance. Specifically, determination of an appropriate response
could result from suppression of the irrelevant semantic con-
tent of the sample (i.e., semantic competition), suppression of
the irrelevant response option (i.e., response competition), or
the suppression of both the semantic content of the irrelevant
sample dimension and the suppression of the irrelevant response
option.
Under the prevailing assumption that suppression slows
responding, if suppression of the semantic content of the irrele-
vant sample dimension is involved in determining the appropriate
response, RTs on trials in which the color word is presented in
black (i.e., Baseline trials, see Figures 1A,B) or congruent font
colors (i.e., Congruent trials, see Figures 1C,D) should not dif-
fer because these trials do not require the suppression of the
semantic content of the irrelevant sample dimension (i.e., only
one sample dimension is present on these trials) to determine
the appropriate response. Importantly, Baseline and Congruent
trials should be faster than trials in which the color word is pre-
sented in an incongruent font color (i.e., Incongruent—Unrelated
Foil and Incongruent—Related Foil trials, see Figures 1 C,D)
because these incongruent trials would require the suppression
of the semantic content of the irrelevant sample dimension to
determine the appropriate response. Alternatively, if suppres-
sion of the semantic content of the irrelevant response option
is involved in determination of the appropriate response, RTs
on Baseline, Congruent, and Incongruent—Unrelated Foil trials
should not differ because these trials do not require suppression
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FIGURE 1 | Sample Trial Types and trial structures for the Delayed
Match-to-Sample task. One sample Baseline/Training trial is illustrated
for Color Targets (A) and Word Targets (B), and one sample Congruent,
Incongruent—Unrelated Foil, and Incongruent—Related Foil trial is
illustrated for Color Targets (C) and Word Targets (D). For illustrative
purposes, all correct matches are shown as the left target even though
correct target and foil target locations were balanced (see text for
details).
of a response option with semantic content related to the irrel-
evant sample dimension (i.e., the semantic content of the foil is
unrelated to the semantic content of either sample dimension).
Importantly, Baseline, Congruent, and Incongruent—Unrelated
Foil trials should be faster than Incongruent—Related Foil tri-
als because Incongruent—Related Foil trials would require the
suppression of a response option with semantic content related
to the semantic content of the irrelevant sample dimension.
Finally, if suppression of the semantic content of the irrelevant
sample dimension and suppression of the semantic content of
the irrelevant response option are involved in the determination
of the appropriate response, then RTs for trials in which the
color word is presented in black or congruent font colors should
not differ, but these trials should be faster than Incongruent—
Unrelated Foil trials. Importantly, Incongruent—Unrelated Foil
trials should be faster than Incongruent—Related Foil trials
because, under additive logic, RTs for Baseline and Congruent tri-
als would require no suppression, Incongruent—Unrelated Foil
trials would require suppression of the semantic content of the
irrelevant sample dimension, and Incongruent—Related Foil tri-
als would require the suppression of the semantic content of the
irrelevant sample dimension and the suppression of a response
option with semantic content related to the irrelevant sample
dimension.
EXPERIMENT 1
To explicitly test the prediction outlined above, we embedded
Stroop stimuli into a DMTS task. Participants viewed a color
word in black or colored fonts that were congruent or incon-
gruent with respect to the color word itself. After a 5 s delay,
participants were presented with two targets (i.e., a match and
a foil) and were instructed to select the correct match. We probed
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each dimension independently during target presentations via
color targets (i.e., two colors) or word targets (i.e., two words).
We manipulated the congruency of the sample (i.e., congruent
vs. incongruent sample) and whether the semantic content of the
foil was related to the semantic content of the irrelevant sample
dimension (i.e., unrelated vs. related foil).
METHOD
Participants
Twenty undergraduate students at Georgia Southern University
(6 males; 14 females) served as participants. Participants had nor-
mal or corrected-to-normal vision and received extra class credit
or participated as part of a course requirement.
Apparatus
We constructed and implemented a DMTS task (see Figure 1)
on a personal computer with a 22-inch flat-screen liquid crys-
tal display (LCD) monitor (1680 × 1050 pixels). Responses
occurred via the “c” (left target) and “m” (right target) keys
on a standard keyboard. Experimental events were controlled
and recorded using E-Prime (Psychology Software Tools, Inc.,
www.pstnet.com).
Stimuli
There were two stimulus types: Colors and Words. Color stim-
uli were blue, red, and yellow patches presented as a 410 × 410
pixel filled diamond subtending 9.6◦ visual angle horizontally
and vertically (Figures 1A,C). Word stimuli were “blue,” “red,”
and “yellow” (Figures 1B,D) presented in bold 48 point Courier
New font and were 112 (“red”), 149 (“blue”), and 228 (“yel-
low”) pixels in width, subtending 2.6◦ (“red”), 3.5◦ (“blue”),
and 5.4◦ (“yellow”) visual angle horizontally, and 40 (“red,”
“blue”) or 52 (“yellow”) pixels in height, subtending 0.9 or 1.2◦
visual angle vertically. Depending on trial type (see below and
Figure 1), words were presented in black, blue, red, or yellow
font color. All stimuli were presented on a white background.
Samples were presented in the horizontal center of the screen 25%
down from its top edge. Targets were presented on opposite sides
of the screen, 50% of screen width apart, and 25% up from its
bottom edge.
Procedure
We provided participants with an instruction page that informed
them that they would complete a memory test in which one of
several words would appear on the screen in one of several colors
and that either a pair of words or a pair of shapes would then
appear. Instructions told them that their task would be to select
the word that matched the first word (if word pairs) or select the
shape that matched the color of the first word (if shape pairs).
The experimental protocol consisted of 120 total trials for each
participant. The 120 total trials consisted of 24 Training Trials and
96 Testing Trials (see below). On each trial, we presented samples
for 1 s, followed by a 5 s blank screen retention interval delay, fol-
lowed by target stimuli for 1.5 s. We provided participants with
response feedback. A response to the correct target (i.e., match)
resulted in the presentation of a green check mark; a response to
the incorrect target (i.e., foil) resulted in the presentation of a red
“X,” and failure to respond during the 1.5 s target presentation
produced a “No Response” statement. Feedback was presented for
1 s, and served as the inter-trial interval (ITI).
Training. To familiarize participants with the task and train
them to match a color sample to a color target and a word
sample to a word target, we provided them with 24 training
trials composed of two 12-trial blocks. One block included 12
unique color training trials in which participants matched a sam-
ple color to its corresponding color target (Figure 1A), and the
other block included 12 unique word training trials in which par-
ticipants matched a sample word to its corresponding word target
(Figure 1B). Word Samples and Word Targets were presented in
black font for the duration of Training. We counterbalanced the
training blocks order of presentation.
Testing. Testing consisted of 96 trials composed of 12 eight-trial
blocks. Each trial block was composed of two trials of each of
four trial types: Baseline (Training), Congruent (sample word in
corresponding font color), Incongruent—Unrelated Foil (sample
word in non-corresponding font color, but the semantic content
of a foil unrelated to the semantic content of the irrelevant sam-
ple dimension), and Incongruent—Related Foil (sample word
in non-corresponding font color, but the semantic content of
a foil related to the semantic content of the irrelevant sample
dimension). Figure 1 illustrates all trial types. Baseline trials were
identical to Training trials.
For Congruent, Incongruent—Unrelated Foil, and
Incongruent—Related Foil trials, when word targets were
presented (e.g., “red” and “blue”), they were presented in black
font throughout Testing, and the corresponding sample word
was the correct response. When color targets were presented
(e.g., red and blue), the corresponding sample font color was
the correct response. Congruent trials presented the sample
word in its corresponding font color (e.g., “red” in red font).
Incongruent—Unrelated Foil trials presented the sample word
in a non-corresponding font color (e.g., “red” in blue font) but
the semantic content of the foil was unrelated to the semantic
content of the irrelevant sample dimension (i.e., word tar-
gets of “red” and “yellow”; color targets of red and yellow).
Incongruent—Related Foil trials also presented the sample
word in a non-corresponding font color (e.g., “red” in blue
font); however, the semantic content of the foil was related
to the semantic content of the irrelevant sample dimension
(i.e., word targets of “red” and “blue”; color targets of red and
blue).
For all trial types within each block, we presented one trial
with color targets and one trial with word targets. The trial
type sequence was randomized within each block. The left/right
location of the correct target (i.e., match) and the foil was coun-
terbalanced, which resulted in each unique combination of each
trial type being presented once, without replacement, for a total
of 96 trials during Testing (24 Baseline trials, 24 Congruent trials,
24 Incongruent—Unrelated Foil trials, and 24 Incongruent—
Related Foil trials). Feedback was identical to Training.
RESULTS
We analyzed Testing data via RTs and proportions correct.
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FIGURE 2 | (A) Mean response time during Testing (in milliseconds) plotted
by Trial Type for Color Targets (filled bars) the Word Targets (unfilled bars)
for Experiment 1. (B) Mean proportion correct during Testing plotted by Trial
Type for Color Targets (filled bars) the Word Targets (unfilled bars) for
Experiment 1. Dashed line represents chance performance (0.5). Error bars
represent standard errors of the means.
Response time
We analyzed correct trials (error rates opposite of proportion
correct shown Figure 2B). Overall, participants were faster to
respond to Color Targets (M = 511.7, SEM = 16.4) compared
to Word Targets (M = 595.8, SEM = 15.6). Figure 2A shows
the mean RTs (in ms) plotted by Trial Type for Color Targets
(filled) and Word Targets (unfilled)1. A two-way repeated mea-
sures analysis of variance (ANOVA) with Target Type (color
targets, word targets) and Trial Type (baseline, congruent,
incongruent—unrelated foil, incongruent—related foil) as the
within-subject factors revealed a main effect of Target Type,
1One participant did not have any correct responses for Incongruent—
Related Foil color targets and another participant did not have any correct
responses for the Incongruent—Related Foil word targets. As a result, two cells
were missing in the ANOVA which is reflected in the degrees of freedom.
F(1, 17) = 59.48, p < 0.001, η2p = 0.78, and a main effect of
Trial Type F(3, 51) = 19.28, p < 0.001, η2p = 0.53. The interac-
tion was not significant, F(3, 51) = 0.97, p = 0.42. Post hoc tests
on the Trial Type factor revealed that Baseline (M = 494.6,
SEM = 14.1) and Congruent (M = 500.1, SEM = 11.7) tri-
als were significantly faster than both Incongruent—Unrelated
Foil (M = 603.0, SEM = 22.0) and Incongruent—Related Foil
(M = 617.3, SEM = 27.5) trials (ps < 0.001), but Baseline
and Congruent trials were not significantly different from
each other (p = 0.5). Importantly, Incongruent—Unrelated and
Incongruent—Related Foil trials were not significantly different
from each other (p = 0.49).
Proportion correct
We eliminated trials in which participants failed to
respond 2—resulting in the elimination of 45 of the total
1920 trials (1.6% total). Overall, participants were more accu-
rate with Color Targets (M = 0.89; SEM = 0.02) compared
to Word Targets (M = 0.86; SEM = 0.02). Figure 2B shows
the mean proportion correct plotted by Trial Type for Color
Targets (filled) and Word Targets (unfilled). A two-way repeated
measure ANOVA on proportion correct with Target Type (color
targets, word targets) and Trial Type (baseline, congruent,
incongruent—unrelated foil, incongruent—related foil) as the
within-subject factors revealed a main effect of Target Type,
F(1, 19) = 4.76, p < 0.05, η2p = 0.2, and a main effect of Trial
Type, F(3, 57) = 55.5, p < 0.001, η2p = 0.75. The interaction
was not significant, F(3, 57) = 0.0, p = 1.0. Post hoc tests on
the Trial Type factor revealed that Incongruent—Related Foil
trials (M = 0.68, SEM = 0.03) were significantly less accurate
than Baseline (M = 0.95, SEM = 0.02), Congruent (M = 0.94,
SEM = 0.02), and Incongruent—Unrelated Foil (M = 0.94,
SEM = 0.02) trials (ps < 0.001), but Baseline, Congruent, and
Incongruent—Unrelated Foil trials were not significantly differ-
ent from each other (ps> 0.34). One-sample t-tests revealed that
mean proportion correct was significantly greater than chance
(0.5) for all Trial Types and Target Types, ts(19) > 3.2, ps <
0.01.
DISCUSSION
The RT analyses indicated that responses for both incongruent
trial types took longer than both Baseline and Congruent trials,
but Baseline and Congruent trials were not significantly differ-
ent from each other. Importantly, the Incongruent—Unrelated
Foil and Incongruent—Related Foil trials were not signifi-
cantly different from each other. The accuracy analyses indicated
a decrement in performance for incongruent trials in which
2We also conducted identical analyses to those reported that included tri-
als in which participants failed to respond (i.e., errors of omission), and the
statistical results revealed only a main effect of Trial Type, F(3, 57) = 48.99,
p < 0.001, η2p = 0.72. Neither the effect of Target Type nor the interaction
was significant, Fs < 1.4, ps > 0.25. Post hoc tests on the Trial Type factor
revealed that Baseline trials did not significantly differ from Congruent trials
(p = 0.51), but both were significantly more accurate than Incongruent—
Unrelated Foils and Incongruent—Related Foil trials (ps < 0.05). In addition,
Incongruent—Unrelated Foil trials were significantly more accurate than
Incongruent—Related Foil trials (p < 0.01).
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the semantic content of the foil was related to the irrelevant
sample dimension. Both the RT and accuracy measures indi-
cated superior performance for color targets compared to word
targets.
RTs only increased on trials in which the sample was pre-
sented in an incongruent font color. Given that Baseline and
Congruent trials removed the requirement to suppress the seman-
tic content of the irrelevant sample dimension, we attribute
this RT increase on these incongruent trial types to the sup-
pression of the semantic content of the irrelevant sample
dimension. Because Baseline, Congruent, and Incongruent—
Unrelated Foil trials removed the requirement to suppress the
semantic content of a response option related to the seman-
tic content of the irrelevant sample dimension, the increase
in RT for the Incongruent—Unrelated Foil trials cannot be
attributed to response competition. As importantly, the non-
significant difference in RTs for Incongruent—Unrelated Foil
and Incongruent—Related Foil trials suggest that only semantic
competition influenced performance because had both seman-
tic and response competition influenced performance, we would
have expected longer RTs for Incongruent—Related Foil com-
pared to Incongruent—Unrelated Foil trials. As a result, we
interpret these results as consistent with a semantic competi-
tion (e.g., Luo, 1999; Catena et al., 2002) but inconsistent with
a response competition (e.g., Besner et al., 1997; Stolz and
Besner, 1999) account of Stroop interference. Such an inter-
pretation may also explain the superior performance for color
targets compared to word targets because of the potential for
increased difficulty in suppressing the semantic content of a
word dimension compared to the semantic content of a color
dimension.
Despite the increased RTs for both incongruent trial types,
accuracy was only affected in the related foils condition. In short,
our results appear to be opposite of a speed-accuracy trade-off
and corroborate an interpretation consistent with semantic com-
petition. Given the evidence for semantic competition reflected
in the RTs, we attribute the relatively high accuracy rates in the
Baseline and Congruent trials to the fact that these trials removed
the requirement to suppress an irrelevant sample dimension to
determine the appropriate response. Similarly, we attribute the
relatively high accuracy rates in the Incongruent—Unrelated Foils
trials to the fact that any difficulty in suppressing the semantic
content of the irrelevant sample dimension would not disrupt an
ability to determine the appropriate response. More specifically,
on trials in which the semantic content of the foil is unrelated
to the semantic content of the irrelevant sample dimension, (i.e.,
Incongruent—Unrelated Foil trials), any difficulty in suppress-
ing the semantic content of the irrelevant sample dimension
would not be expected to be reflected in accuracy because the
semantic content of one target (i.e., the match) would match
the semantic content of the relevant sample dimension and the
semantic content of the other target (i.e., the foil) would not
match the semantic content from the irrelevant sample dimen-
sion. In contrast, we attribute the relatively low accuracy on
the Incongruent—Related Foils trials to the fact that any diffi-
culty in suppressing the semantic content of the irrelevant sample
dimension would disrupt an ability to determine the appropriate
response. More specifically, on trials in which the foil is related
to the semantic content of the irrelevant sample dimension (i.e.,
Incongruent—Related Foil trials), any difficulty in suppressing
the semantic content of the irrelevant sample dimension would
be expected to be reflected in accuracy because the semantic
content of one target (i.e., the match) matches the semantic con-
tent of the relevant sample dimension and the semantic content
of the other target (i.e., the foil) matches the semantic con-
tent of the irrelevant sample dimension. As a result, there is
greater probability of error under the Incongruent—Related Foil
trials due to two potential matches on the basis of semantic
content.
Although a delay between sample and target presentations was
a component of the DMTS task, the results cannot be attributed
to greater cognitive load for the Incongruent—Related Foil com-
pared to the Incongruent—Unrelated Foil trials. Specifically, both
trial types involved the encoding and retention of two sam-
ple dimensions and the suppression of the semantic content of
the irrelevant sample dimension. The only difference between
these trials was that any difficulty in suppressing the semantic
content of the irrelevant sample dimension on Incongruent—
Related Foil trials would result in a greater probability of error
due to two potential matches on the basis of semantic content.
Given that RTs were not significantly different on both incon-
gruent trial types but accuracy only decreased during related
foil trials, it seems unlikely that these effects were due to a
source other than a potential difficulty in suppressing the seman-
tic content of the irrelevant sample dimension. As a result, we
attribute the decrement in performance on the related foil tri-
als to semantic competition. Such an interpretation would also
explain the relatively high accuracy for all trial types other
than that of the Incongruent—Related Foil trials because the
conditions of these other trial types did not require the suppres-
sion of the semantic content of the irrelevant sample dimen-
sion (i.e., Baseline and Congruent trials) or did not contain
semantic content of a foil related to the semantic content of
the irrelevant sample dimension (Incongruent—Unrelated Foil
trials).
To investigate whether the results obtained in Experiment 1
were dependent on task parameters, we conducted a follow-up
experiment in which we extended the delay between sample and
target presentation (i.e., increased the retention interval). We
again manipulated congruency of the sample word with respect
to its font color (i.e., congruent vs. incongruent sample) and the
extent to which foils contained semantic information related to
the irrelevant sample dimension (i.e., unrelated vs. related foil).
Importantly, if suppression of the semantic content of the irrel-
evant sample dimension is involved in the determination of an
appropriate response (as suggested by Experiment 1), we should
replicate the effect of Trial Type obtained in Experiment 1 for both
RT and accuracy measures of performance.
EXPERIMENT 2
PARTICIPANTS
Twenty undergraduate students (10 males; 10 females) different
from those who participated in Experiment 1 served as partic-
ipants. Participants had normal or corrected-to-normal vision
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and received extra class credit or participated as part of a course
requirement.
APPARATUS, STIMULI, AND PROCEDURE
The apparatus, stimuli, and procedure were identical to
Experiment 1 with the exception that we increased the dura-
tion between sample presentation and target presentation (i.e.,
increased the retention interval) to 10 s. As with Experiment 1,
the experimental protocol consisted of 120 total trials for each
participant. The 120 total trials consisted of 24 Training Trials
and 96 Testing Trials. Samples were presented for 1 s, followed by
a 10 s blank screen retention interval. As with Experiment 1, we
counterbalanced the training blocks order of presentation.
RESULTS
As with Experiment 1, we analyzed Testing data via RTs and
proportions correct.
Response time
We analyzed correct trials (error rates opposite of propor-
tion correct shown Figure 3B). As with Experiment 1, partic-
ipants were faster to respond to Color Targets (M = 561.1,
SEM = 19.9) compared to Word Targets (M = 646.8, SEM =
22.1). Figure 3A shows the mean RTs (in ms) plotted by Trial
Type for Color Targets (filled) and Word Targets (unfilled). A
two-way repeated measures ANOVA with Target Type (color
targets, word targets) and Trial Type (baseline, congruent,
incongruent—unrelated foil, incongruent—related foil) as the
within-subject factors revealed a main effect of Target Type,
F(1, 19) = 54.23, p < 0.001, η2p = 0.74, and a main effect of Trial
Type F(3, 57) = 31.1, p < 0.001, η2p = 0.62. The interaction was
not significant, F(3, 57) = 1.93, p = 0.14. Post hoc tests on the
Trial Type factor revealed that Baseline (M = 539.7, SEM =
18.2) and Congruent (M = 544.5, SEM = 18.8) trials were sig-
nificantly faster than both Incongruent—Unrelated Foil (M =
660.1, SEM = 25.0) and Incongruent—Related Foil (M = 671.4,
SEM = 28.6) trials (ps < 0.001), but Baseline and Congruent
trials were not significantly different from each other (p =
0.4). Importantly, Incongruent—Unrelated and Incongruent—
Related Foil trials were not significantly different from each other
(p = 0.55).
Proportion correct
As with Experiment 1, we eliminated trials in which par-
ticipants failed to respond 3—resulting in the elimination of
170 of the total 1920 trials (8.9% total). Participants were
equally accurate with Color Targets (M = 0.87; SEM = 0.02)
3We also conducted identical analyses to those reported that included tri-
als in which participants failed to respond (i.e., errors of omission), and the
statistical results revealed only a main effect of Trial Type, F(3, 57) = 39.9,
p < 0.001, η2p = 0.68. Neither the effect of Target Type nor the interaction
was significant, Fs < 2.1, ps > 0.17. Post hoc tests on the Trial Type fac-
tor revealed that Baseline trials did not significantly differ from Congruent
trials (p = 0.6), but both were significantlymore accurate than Incongruent—
Unrelated Foils and Incongruent—Related Foil trials (ps < 0.05). In addition,
Incongruent—Unrelated Foil trials were significantly more accurate than
Incongruent—Related Foil trials (p < 0.001).
FIGURE 3 | (A) Mean response time during Testing (in milliseconds) plotted
by Trial Type for Color Targets (filled bars) the Word Targets (unfilled bars)
for Experiment 2. (B) Mean proportion correct during Testing plotted by Trial
Type for Color Targets (filled bars) the Word Targets (unfilled bars) for
Experiment 2. Dashed line represents chance performance (0.5). Error bars
represent standard errors of the means.
and Word Targets (M = 0.85; SEM = 0.03). Figure 3B shows
the mean proportion correct plotted by Trial Type for Color
Targets (filled) and Word Targets (unfilled). A two-way repeated
measure ANOVA on proportion correct with Target Type
(color targets, word targets) and Trial Type (baseline, con-
gruent, incongruent—unrelated foil, incongruent—related foil)
as the within-subject factors revealed only a main effect of
Trial Type, F(3, 57) = 39.4, p < 0.001, η2p = 0.68. Neither the
effect of Target Type, F(1, 19) = 1.75, p = 0.2, nor the inter-
action was significant, F(3, 57) = 1.86, p = 0.15. Post hoc tests
on the Trial Type factor revealed that Incongruent—Related
Foil trials (M = 0.68, SEM = 0.03) were significantly less accu-
rate than Baseline (M = 0.92, SEM = 0.03), Congruent (M =
0.93, SEM = 0.02), and Incongruent—Unrelated Foil (M =
0.91, SEM = 0.02) trials (ps < 0.001), but Baseline, Congruent,
and Incongruent—Unrelated Foil trials were not significantly
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different from each other (ps> 0.15). One-sample t-tests revealed
that mean proportion correct was significantly greater than
chance (0.5) for all Trial Types and Target Types, ts(19) > 4.2,
ps< 0.0014.
DISCUSSION
Results from Experiment 2 replicated the critical effects obtained
in Experiment 1 such that RTs for both incongruent trial types
took longer than both Baseline and Congruent trials, but Baseline
and Congruent trials were not significantly different from each
other. As importantly, RTs on Incongruent—Unrelated Foil and
Incongruent—Related Foil trials were not significantly different
from each other. As with Experiment 1, the accuracy analyses
indicated a decrement in performance for incongruent trials in
which the semantic content of the foil was related to the seman-
tic content of the irrelevant sample dimension. Most importantly,
Experiment 2 provides converging evidence that the pattern of
results with respect to both RTs and accuracy measures can be
attributed to involvement of suppression of the semantic content
of the irrelevant sample dimension and not the suppression of
the irrelevant response option. As a result, Experiment 2 provides
converging evidence consistent with an interpretation based upon
a semantic competition (e.g., Luo, 1999; Catena et al., 2002) but
inconsistent with an interpretation based upon a response com-
petition (e.g., Besner et al., 1997; Stolz and Besner, 1999) account
of the Stroop interference effect.
GENERAL DISCUSSION
Results from both DMTS experiments indicated that RTs for
both incongruent trial types took longer than both Baseline
and Congruent trial types and Baseline and Congruent trials
were not significantly different from each other. As importantly,
the RTs for the Incongruent—Unrelated Foil and Incongruent—
Related Foil trials were not significantly different from each
other. Both experiments also indicated relatively lower accu-
racy for incongruent trials in which the semantic content of
the foil was related to the semantic content of the irrelevant
sample dimension.
Collectively, we interpret these results as providing converg-
ing evidence that incongruent trial types involved the suppression
of the semantic content of the irrelevant sample dimension in
order to determine the appropriate response. Given that RTs
increased on trials in which the sample was presented in an incon-
gruent font color and that there was no significant difference
between RTs on trials in which the foil was related or unre-
lated to the irrelevant sample dimension, we attribute the pattern
of data to semantic competition. Because Baseline, Congruent,
and Incongruent—Unrelated Foil trials removed the requirement
to suppress a response option with semantic content related to
the semantic content of the irrelevant sample dimension, the
increase in RT for the Incongruent—Unrelated Foil trials rel-
ative to Baseline and Congruent trials cannot be attributed to
4We also conducted across experiment analyses on both RTs and proportion
correct as reported above including Experiment as a between-subjects factor.
The main effect of Experiment was not significant, and Experiment did not
interact with Target Type or Trial Type.
response competition. As a result, we interpret these results as
consistent with a semantic competition account (e.g., Luo, 1999;
Catena et al., 2002) but inconsistent with a response competi-
tion account (e.g., Besner et al., 1997; Stolz and Besner, 1999) of
Stroop interference.
We acknowledge that both semantic and response competi-
tion accounts appear to be silent with respect to error rates, but
our inclusion of accuracy measures appears to corroborate the
RT evidence for semantic competition, and both RT and accu-
racy measures provide evidence for interference effects under
novel Stroop conditions. Regardless of potential disagreements
about our characterization, interpretation, and application of
these theoretical accounts of the standard Stroop interference
effect to the adopted DMTS task, our results suggest that such
interference effects can be observed in a novel task incorporat-
ing Stroop conditions and accounted for in a manner consistent
with semantic competition (Luo, 1999; Catena et al., 2002; De
Houwer, 2003; Schmidt and Cheesman, 2005). As a result, it
remains unclear how a response competition account of the
Stroop interference effect (e.g., Besner et al., 1997; Stolz and
Besner, 1999) would explain the results from the present set of
experiments. Specifically, it is unclear how such an account could
explain the significant increase but non-significant difference on
RTs for both Incongruent—Unrelated Foil and Incongruent—
Related Foil trials even though Incongruent—Unrelated foil
trials did not contain a response option with semantic con-
tent related to the semantic content of the irrelevant sample
dimension.
Despite the fact that the present DMTS eliminated an artic-
ulatory response utilized in traditional Stroop tasks, it remains
unclear how possible alternative forms of response competition
may have influenced the present results. For example, bimanual
or bidigit response interference was not eliminated and may have
contributed to increased RTs and/or decreased accuracy. Future
research may be able to utilize a touch screen apparatus such that
potential bimanual or bidigit response interference could be min-
imized or incorporate concurrent vocal and behavioral responses
to assist in further dissociating semantic and response competi-
tion (cf, Redding and Gerjets, 1977; Wijnen and Ridderinkhof,
2007; Proctor and Chen, 2012; Ferrand and Augustinova, 2013).
It may have been reasonable to suppose that semantic compe-
tition would be stronger during the Incongruent—Related Foils
trials compared to the Incongruent—Unrelated Foils trials, but
there was no statistical difference between these trials types with
respect to RT. The decrement in accuracy, however, during the
Incongruent—Related Foil trials may be reflective of the pres-
ence of this potentially greater semantic competition. Similarly,
it seems reasonable to suppose that semantic facilitation would
occur during Congruent trials (e.g., Dalrymple-Alford, 1972;
Redding and Gerjets, 1977; for a review, see MacLeod, 1991,
1992), but there was no statistical difference between Baseline
and Congruent trials in either measures of RT or accuracy.
Consequently, the present results diverge slightly from previous
research that has been able to obtain RT evidence for increased
semantic competition and facilitation (e.g., Dalrymple-Alford,
1972; Redding and Gerjets, 1977; for a review, see MacLeod,
1991, 1992). Currently, the exact reasons for these differences
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between the present results and those that have obtained evi-
dence for increased competition and facilitation remain unclear,
but such differences may be a result of paradigmatic and/or para-
metric differences between the present task and the traditional
Stroop task.
Despite these differences, we believe that the DMTS task
adopted in the present experiments provides a novel approach
to investigating semantic and response competition while incor-
porating measures of performance accuracy that may not be
reflected in RTs. Importantly, the present DMTS task appears to
capture the Stroop interference effect and appears to provide a
novel paradigm in which to assess the activity/inactivity of spe-
cific brain areas related to semantic and response competition (cf,
Van Veen and Carter, 2005; Kühn et al., 2011; Chen et al., 2013).
Moreover, given the nature of the task, it seems ideal for phy-
logenic and ontogenic comparisons of Stroop-like interference
effects. Such a task appears valuable for the study of various cog-
nitive processes involved in Stroop performance such as attention,
learning, information storage and retrieval, and decision making
(see MacLeod, 2005; see also Wright, 2006).
Although interpretation of our RT and accuracy analyses
appears consistent with a semantic competition account of the
standard Stroop interference effect, we acknowledge the numer-
ous differences between the present DMTS task and the tradi-
tional Stroop task. Even though we believe a strength of the
current DMTS paradigm resides in its ability to capture robust
interference effects with both RT and accuracy measures under
novel task conditions, we reserve judgment about the extent to
which the present results definitively implicate semantic com-
petition as the source of Stroop interference in the traditional
paradigm. Future research may be able to shorten the delay
between sample and target presentations and more fully incorpo-
rate both reaction time and accuracy measures to closer approx-
imate the traditional Stroop task for comparative purposes. By
extension, we also reserve judgment about the extent to which
the present results definitively eliminate a response competition
account for the traditional Stroop effect (Besner et al., 1997; Stolz
and Besner, 1999), but future research could continue to explore
these interference effects utilizing our DMTS paradigm to illu-
minate these and related issues regarding semantic and response
competition, the source of the interference effect, and the mech-
anisms underlying attention, cognitive processing, and executive
function.
REFERENCES
Augustinova, M., Flaudias, V., and Ferrand, L. (2010). Single-letter coloring
and spatial cueing do not eliminate or reduce a semantic contribution to
the Stroop effect. Psychon. Bull. Rev. 17, 827–833. doi: 10.3758/PBR.17.
6.827
Besner, D., Stolz, J. A., and Boutilier, C. (1997). The Stroop effect and
the myth of automaticity. Psychon. Bull. Rev. 4, 221–225. doi: 10.3758/BF
03209396
Bodily, K. D., Katz, J. S., and Wright, A. A. (2008). Matching-to-sample abstract-
concept learning by pigeons. J. Exp. Psychol. Anim. Behav. Process. 1, 178–184.
doi: 10.1037/0097-7403.34.1.178
Catena, A., Fuentes, L. J., and Tudela, P. (2002). Priming and interference effects
can be dissociated in the Stroop task: new evidence in favor of the automaticity
of word recognition. Psychon. Bull. Rev. 9, 113–118. doi: 10.3758/BF03196265
Chen, Z., Lei, X., Ding, C., Li, H., and Chen, A. (2013). The neural mechanisms
of semantic and response conflicts: an fMRI study of practice-related effects
in the Stroop task. Neuroimage 66, 577–584. doi: 10.1016/j.neuroimage.2012.
10.028
Cohen, J. D., Dunbar, K., and McClelland, J. L. (1990). On the control of automatic
processes: a parallel distributed processing account of the Stroop effect. Psychol.
Rev. 97, 332–361. doi: 10.1037/0033-295X.97.3.332
Dalgleish, T. (1990). Biases of attention and memory in disorders of anx-
iety and depression. Clin. Psychol. Rev. 10, 589–604. doi: 10.1016/0272-
7358(90)90098-U
Dalrymple-Alford, E. C. (1972). Associative facilitation and interference
in the Stroop color-word task. Percept. Psychophys. 11, 274–276. doi:
10.3758/BF03210377
De Houwer, J. (2003). On the role of stimulus-response and stimulus-
stimulus compatibility in the Stroop effect. Mem. Cogn. 31, 353–359. doi:
10.3758/BF03194393
Dimoska-Di Marco, A., McDonald, S., Kelly, M., Tate, R., and Johnstone, S. (2011).
A meta-analysis of response inhibition and Stroop interference control deficits
in adults with traumatic brain injury (TBI). J. Clin. Exp. Neuropsychol. 33,
471–485. doi: 10.1080/13803395.2010.533158
Ferrand, L., and Augustinova, M. (2013). Differential effects of viewing posi-
tions on standard versus semantic Stroop interference. Psychon. Bull. Rev. doi:
10.3758/s13423-013-0507-z. [Epub ahead of print].
Glaser, M. O., and Glaser, W. R. (1982). Time course analysis of the Stroop phe-
nomenon. J. Exp. Psychol. Hum. Percept. Perform. 8, 875–894. doi: 10.1037/0096-
1523.8.6.875
Kühn, S., Keizer, A. W., Colzato, L. S., Rombouts, S. A. R. B., and
Hommel, B. (2011). The neural underpinnings of event-file management:
evidence for stimulus-induced activation of and competition among stimulus-
response bindings. J. Cogn. Neurosci. 23, 896–904. doi: 10.1162/jocn.2010.
21485
Leung, H., Skudlarski, P., Gatenby, J. C., Peterson, B. S., and Gore, J. C. (2000). An
event-related functional MRI study of the Stroop color word interference task.
Cereb. Cortex 10, 552–560. doi: 10.1093/cercor/10.6.552
Luo, C. R. (1999). Semantic competition as the basis of Stroop interference:
evidence from color word matching tasks. Psychol. Sci. 10, 35–40. doi:
10.1111/1467-9280.00103
MacLeod, C. M. (1991). Half a century of research on the Stroop effect:
an integrative review. Psychol. Bull. 109, 163–203. doi: 10.1037/0033-
2909.109.2.163
MacLeod, C. M. (1992). The Stroop task: the “gold standard” of atten-
tional measures. J. Exp. Psychol. Gen. 121, 12–14. doi: 10.1037/0096-3445.
121.1.12
MacLeod, C. M. (2005). “The Stroop task in cognitive research,” in Cognitive
Methods, and their Application to Clinical Research, eds A. Wenzel and D. C.
Rubin (Washington, DC: American Psychological Association), 17–40. doi:
10.1037/10870-002
MacLeod, C.M., andMacDonald, P. A. (2000). Interdimensional interference in the
Stroop effect: uncovering the cognitive and neural anatomy of attention. Trends
Cogn. Sci. 4, 383–391. doi: 10.1016/S1364-6613(00)01530-8
Nigg, J. T., Stavro, G., Ettenhofer, M., Hambrick, D. Z., and Miller, T.
(2005). Executive functions and ADHD in adults: evidence for selective
effects on ADHD symptom domains. J. Abnorm. Psychol. 114, 706–717. doi:
10.1037/0021-843X.114.3.706
Pardo, J. V., Pardo, P. J., Janer, K. W., and Raichle, M. E. (1990). The anterior
cingulate corex mediates processing selection in the Stroop attentional con-
flict paradigm. Proc. Natl. Acad. Sci. U.S.A. 87, 256–259. doi: 10.1073/pnas.
87.1.256
Proctor, R. W., and Chen, J. (2012). Dissociated influences of key and hand sep-
aration on the Stroop color-identification effect. Acta Psychol. 141, 39–47. doi:
10.1016/j.actpsy.2012.06.005
Redding, G. M., and Gerjets, D. A. (1977). Stroop effect: interference and facil-
itation with verbal and manual response. Percept. Mot. Skills 45, 11–17. doi:
10.2466/pms.1977.45.1.11
Schmidt, J. R., and Cheesman, J. (2005). Dissociating stimulus-stimulus and
response-response effects in the Stroop task. Can. J. Exp. Psychol. 59, 132–138.
doi: 10.1037/h0087468
Stolz, J. A., and Besner, D. (1999). On the myth of automatic semantic activation in
reading. Curr. Dir. Psychol. Sci. 8, 61–65. doi: 10.1111/1467-8721.00015
Stroop, J. R. (1935). Studies of interference in serial verbal reactions. J. Exp. Psychol.
18, 643–662. doi: 10.1037/h0054651
www.frontiersin.org November 2013 | Volume 4 | Article 842 | 9
Sturz et al. Stroop interference in a match-to-sample task
Taylor, S. F., Kornblum, S., Lauber, E. J., Minoshima, S., and Keoppe,
R. A. (1997). Isolation of specific interference processing in the Stroop
task: PET activation studies. Neuroimage 6, 81–92. doi: 10.1006/nimg.
1997.0285
Van Veen, V., and Carter, C. S. (2005). Separating semantic conflict and response
conflict in the Stroop task: a functional MRI study. Neuroimage 27, 497–504.
doi: 10.1016/j.neuroimage.2005.04.042
Wijnen, J. G., and Ridderinkhof, K. R. (2007). Response inhibition in motor
and oculomotor conflict tasks: different mechanisms, different dynamics. Brain
Cogn. 63, 260–270. doi: 10.1016/j.bandc.2006.09.003
Wright, A. A. (1992). Learning mechanisms in matching to sample. J. Exp. Psychol.
Anim. Behav. Process. 18, 67–79. doi: 10.1037/0097-7403.18.1.67
Wright, A. A. (1997). Concept learning and learning strategies. Psychol. Sci. 8,
119–123. doi: 10.1111/j.1467-9280.1997.tb00693.x
Wright, A. A. (2006). “Memory processing,” in Comparative Cognition:
Experimental Explorations of Animal Intelligence, eds E. A. Wasserman and T.
R. Zentall (Oxford: Oxford University Press), 164–185.
Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.
Received: 23 July 2013; accepted: 22 October 2013; published online: 15 November
2013.
Citation: Sturz BR, Green ML, Locker L Jr and Boyer TW (2013) Stroop interference
in a delayed match-to-sample task: evidence for semantic competition. Front. Psychol.
4:842. doi: 10.3389/fpsyg.2013.00842
This article was submitted to Cognition, a section of the journal Frontiers in
Psychology.
Copyright © 2013 Sturz, Green, Locker and Boyer. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) or licensor are credited and that the original publication in this
journal is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.
Frontiers in Psychology | Cognition November 2013 | Volume 4 | Article 842 | 10
